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Highlights

- The study proposes a set of potential biomarkers for obsessive compulsive disorder
+  Methods to assess their concentrations in biological samples are critically analyzed
- Links between the disorder, diabetes and circadian disruptions are assessed

- Theimplications of biomarkers as therapeutic biotargets are discussed

Abstract

Obsessive compulsive disorder (OCD) is a prevalent behavioral disorder with a complex etiology. However, the underlying pathogenic molecular
pathways and the associated risk factors are largely obscure. This has hindered both the identification of relevant prognostic biomarkers and the de-
velopment of effective treatment strategies. Because of the diverse range of clinical manifestations, not all patients benefit from therapies currently
practiced in the clinical setting. Nevertheless, several lines of evidence indicate that neurotrophic, neurotransmitter, and oxidative signaling are
involved in the pathophysiology of 0CD. Based upon evidences from clinical (and pre-clinical studies), the present review paper sets out to decipher
the utilities of three parameters (i.e. brain-derived neurotrophic factor; BDNF, noradrenalin-synthesizing enzyme dopamine beta-hydroxylase; DBH;
and oxidative damage marker malondialdehyde; MDA) as diagnostic peripheral biomarkers as well as bio-targets for therapeutic strategies. While
the data indicates promising results, there is necessitation for future studies to further confirm and establish these. Further, based again on the
available clinical data, we investigated the possibilities of exploiting the etiological links between disruptions in the sleep-wake cycle and insulin
signaling, and OCD for the identification of potential anti-0CD ameliorative agents with the ability to elicit multimodal effects, including attenuation
of the alterations in BDNF, noradrenergic and redox pathways. In this respect, agomelatine and metformin may represent particularly interesting
candidates; however, further clinical studies are warranted to establish these as singular or complementary medications in 0CD subjects.
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Introduction

Obsessive compulsive disorder (OCD) is a neu-  the compulsive behavior may vary on a patient-to-
ropsychiatric condition described as an uncontrol-  patient basis. The subjects may elicit a heightened

lable obsession with some specific need, leading  state of irrationality; and while they may be aware
to an abnormal compulsive behavior depicted by  of it, they are completely unable to control their
the subject. The triggers for the obsessions and  tendencies (1). With regards to the neuroanatomi-
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cal and neuropathophysiological aspects, studies
have shown that OCD is mainly attributed to the
dysfunction of the cortico-striato-thalamo-cortical
(CSTQ) loop, which is heavily involved in control-
ling behavioral aspects of motivation, affectivity
and sensory-emotional functions, as well as gen-
eral cognitive functioning. Further, the connectivi-
ty between the cerebellum and CSTC may be de-
terred and spontaneous uncontrolled activation of
the circuitry may be observed during OCD-like be-
haviors (2).

Current therapeutic strategies for OCD are majorly
restricted to two regimens/agents; cognitive-be-
havioral therapy using exposure and response
prevention (CBT/ERP) and pharmacotherapy based
upon serotonergic antidepressants such as selec-
tive serotonin reuptake inhibitors (SSRIs) or clomi-
pramine, or a combination of the two. While these
have their own set of advantages and disadvan-
tages, data from multiple studies have reported
limited responsiveness of OCD patients towards
them. A fraction of clinical cases may still remain
affected with treatment-refractory OCD after ther-
apeutic interventions (3,4). Deep brain stimulation
(DBS) may be a useful alternative intervention for
these subjects who are refractory to other thera-
peutic regimens (5). Needless to say, evaluation of
novel and potentially more effective therapeutic
strategies is warrantied to address this problem. In
this regard, the assessment of endogenous bio-
targets involved in the pathogenesis of OCD
serves more than one function. First, these may be
pertinent targets for novel therapeutic regimens,
and second, they may also serve as biomarkers for
the diagnosis and prognosis of OCD.

Onset and progression of OCD are thought to have
a strong genetic component. Indeed, familial risk
of development of OCD has been reported to be
as high as 50% in Swedish subjects in a multi-gen-
erational study (6). Interestingly, maternal genetic
effects may contribute significantly to the patho-
genesis of OCD (7). Surprisingly, not many studies
have evaluated the exact identities of the genetic
factors (or their single nucleotide polymorphism;
SNPs) that may influence disease progression and/
or outcome. This might indicate the involvement
of a highly complicated network and the interac-
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tion between multiple genes, and their associa-
tions with environmental risk factors in the devel-
opment of OCD-like behavior (8). Further, animal
and clinical studies have stipulated that altera-
tions in neuronal cell survival and synaptic and
oxidative signaling potentially contribute heavily
to the pathogenesis of OCD. Signaling through
brain-derived neurotrophic factor (BDNF) and
its tropomyosin receptor kinase B (TrkB) recep-
tor influences multiple aspects of neuronal sur-
vival and signaling. Neurotransmitter physiolo-
gy is another factor that can massively influence
brain pathophysiology, including in OCD. Dopa-
minergic and catecholaminergic signaling in
particular are substrates for emotive, social and
motivational behavior across multiple brain re-
gions and circuitries. In particular, dopamine be-
ta-hydroxylase (DBH), an enzyme that converts
dopamine into norepinephrine may be a critical
focal point in OCD pathology as it can potently in-
fluence brain circuitry implicated in OCD patho-
physiology. Lastly, oxidative stress is an important
pathogenic mechanism for OCD. This is hardly
surprising given that neurons are particularly vul-
nerable to oxidative damage and redox altera-
tions are a chief feature of brain pathophysiology
in several disorders. Malondialdehyde is a final
product of peroxidation-induced damage to pol-
yunsaturated fatty acids (PUFAs), which are
abundantly present in the neuronal membranes.
It is likely the altered interactions of all three of
these factors determine and influence OCD pa-
thology. While this indicates their potential utili-
ties as biomarkers for OCD, it should be noted
that currently, there are no diagnostic and prog-
nostic biomarkers for OCD, and diagnostic ap-
proaches rely solely on the guidelines provided
by the American Psychiatric Association’s Diag-
nostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) diagnostic criteria for OCD
(9). The aim of this paper is hence to review the
utilities of potentially relevant biomarkers for
OCD diagnosis and prognosis in light of the evi-
dence from animal as well as clinical studies. Be-
cause of the reasons described above, the three
most important potential biomarkers selected are
BDNF, DBH, and MDA.
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Identification of relevant biomarkers

Due to onset/progression of a disease, particularly
those with a complex and heterogeneous etiology
such as OCD, multiple biological parameters are
altered (either repressed or induced). Evaluation of
the changes in specific biological entities may
serve as tools to monitor the presence of the dis-
ease. Such bio-targets are called biomarkers (10).
Identification of specific biomarkers can be used
to gauge a variety of factors in consideration for
the disorder, such as the approximate time of on-
set of the disorder, its status and severity, and of-
ten the treatment efficacy of a particular thera-
peutic agent/regimen (11). Of note, biomarkers
may not be a singular entity, but a combination of
parameters can serve the purpose equally well.
Further, biomarkers can be any kind of biomole-
cule, ranging from nucleic acid species to pep-
tides, proteins, lipids and small molecule metabo-
lites.

Identification of relevant diagnostic biomarkers,
particularly those present peripherally, in the
blood, is a major research aim of neurobiology of
disease, particularly for psychiatric disorders such
as OCD. In some cases, cerebrospinal fluid (CSF)
may also serve as a resource for biomarkers, al-
though its isolation is comparatively more inva-
sive, challenging, and painful. Nevertheless, being

Gene
expression

derived from the central nervous system (CNS),
CSF may represent a more accurate picture with
regard to the status and pathology of a neurologi-
cal disorder (12).

Brain-derived neurotrophic factor

Brain-derived neurotrophic factor is a positively
charged membrane-binding neurotrophic factor
which was the second one to be discovered after
nerve growth factor (NGF). Brain-derived neuro-
trophic factor signaling through its TrkB receptor
has multifunctional consequences for neuronal
pathophysiology, including for synaptic signaling
and plasticity, neuronal survival, astrogliosis and
neuroinflammation, and neurogenesis (Figure 1)
(13). Indeed, BDNF is a potential target for thera-
pies against several neurodevelopmental and neu-
ropsychiatric diseases (14). Brain-derived neuro-
trophic factor is usually secreted by cells in its un-
processed form (pro-BDNF) and is cleaved by vari-
ous extracellular proteases such as plasmin and
matrix metalloproteases (MMPs). Interestingly,
pro-BDNF and mature processed BDNF are antago-
nistic to each other as the former triggers apoptot-
ic pathways while the latter is involved in the acti-
vation of cell proliferation and survival pathways
(15). The cognate membrane receptor for mature
BDNF is TrkB, which when triggered in the pres-
ence of its ligand, activates several downstream

Anti-
apoptotic

Cell
survival

Neurotransmitter
physiology

Dendritic
spine
growth

FiGcure 1. Signaling through brain-derived neurotrophic factor (BDNF) and its tropomyosin receptor kinase B (TrkB). BDNF - TrkB cas-
cade influences a plethora of downstream targets, resulting in multimodal neuromodulatory effects.
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cell survival cascades, including mitogen-activat-
ed protein kinase (MAPK)/extracellular signal-reg-
ulated kinase (ERK) and phosphoinositide-3-kinase
(PI3K) pathways. In humans, the BDNF gene con-
sists of 11 exons, which is two more than in rats
and mice; therefore, BDNF is a more complex sign-
aling molecule in humans and animal studies may
not necessarily reflect the exact functioning of the
protein in the human perspective.

Quantitative assessment of BDNF and pro-BDNF
from blood serum is a common strategy employed
to diagnose various psychiatric disorders. Enzyme-
linked immuno-sorbent assay (ELISA) is the diag-
nostic standard widely followed under clinical set-
tings, utilizing either anti-BDNF antibodies or TrkKB
as ligands (16). Blood sera and plasma are the most
commonly used sources for BDNF-based diagnos-
tics, and whole blood or serum samples are pre-
ferred over plasma for ELISA because of stability
and sensitivity reasons (17). In addition, type of an-
ticoagulant used, clotting duration, and tempera-
ture and duration of sample preparation and stor-
age have been shown to influence BDNF quantifi-
cation in human serum samples (18). Mature and
pro-forms of BDNF may also be measured in CSF
samples collected following lumbar puncture (19).
Recently, urine has been proposed as a non-inva-
sive source of BDNF measurement, however its
utility for the diagnosis of neuronal disorders must
be further tested (20). Lastly, alternative methods
for BDNF measurement, in addition to ELISA may
be developed and standardized. An example is im-
muno-sensing chip-based electrochemical detec-
tion of BDNF (21).

As discussed, BDNF is the major neurotrophin in
the CNS and is involved in multiple neuronal path-
ways. As such, multiple studies have linked its dys-
regulated expression to different types of psychi-
atric disorders (22). For these reasons, BDNF may
be demarcated as a potent biomarker involved in
the pathology of psychiatric disorders such as
schizophrenia and OCD (23). In particular, the Val-
66-Met (rs6265) SNP, located in the terminal exon
of the BDNF gene is an interesting candidate, and
has often been found to be associated with the
pathology of neuropsychiatric conditions such as
OCD (24). The polymorphism has shown to affect
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trophic signaling of BDNF via its TrkB receptor by
downregulating the processing of pro-BDNF to
mature BDNF (25). Interestingly, the Val-66-Met
SNP in BDNF may a good predictor of OCD from
the early stages of progression in males, however,
in women, it is robustly linked to more severe
forms of the condition (25). Further, meta analyses
of multiple studies evaluating the associations of
the Val-66-Met variant of BDNF with OCD out-
comes have indicated a strong dependence on
ethnicity of the subjects, however, there was limit-
ed overall linkage between the SNP with OCD
pathogenesis (26). Similarly, Wang et al. have also
reported that in their small sample of Chinese Han
OCD subijects; there was no association of the Val-
66-Met SNP with OCD or generalized anxiety dis-
order (27).

Other SNPs in BDNF have also been proposed to
be associated with OCD. For example, DNA analy-
ses of blood samples from subjects diagnosed
with OCD identified rs2883187 SNP in the BDNF
gene as a potential risk factor for the development
of OCD (28). Since this SNP is in the intronic region
of the BDNF gene, it probably influences the ex-
pression and/or mRNA splicing, rather than im-
pacting the morpho-functional aspects of BDNF
per se (29). Interestingly, methylation and hydroxy-
methylation status of the promoter regions of
BDNF from mononuclear cells in peripheral blood
has also been proposed as an indicator of OCD pa-
thology (30). Of note, saliva samples have also
been demonstrated to be a viable source of epige-
netic analyses of BDNF gene in OCD subjects in a
recent study (31).

Absolute BDNF concentrations in peripheral blood
samples may also be a potential biomarker for
OCD, both in clinical cases under drug-treatment,
and with no medication (32,33). A meta-analysis
revealed that OCD subjects had significantly
downregulated BDNF concentrations in their
blood, compared to controls. Moreover, BDNF may
also serve as a prognostic factor as OCD subjects
under medication elicit increased blood BDNF
concentrations when compared to subjects with-
out any drug treatment (34). It should be noted
here that quantification of peripheral BDNF con-
centrations in blood/serum samples provide a
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good representation of its expression in the brain
tissues, as evidenced from chemical models of
OCD induced by dopaminergic antagonist quin-
pirole in rats (35). Moreover, serum BDNF concen-
trations may also be a pertinent biomarker for
OCD in children (36). In 7-17 years old children di-
agnosed with OCD, serum BDNF concentrations
were shown to be elevated in comparison to
healthy aged-matched controls, possibly as part of
the former’s adaptive compensatory mechanisms
to counteract aberrant activation of the hypotha-
lamic-pituitary-adrenal (HPA) axis (37).

Interestingly, post-translational processing of
BDNF also seems to be impacted during OCD
pathogenesis. Thus, the ratio of plasma concentra-
tions of processed mature BDNF to unprocessed
pro-BDNF has been found to be significantly re-
pressed in clinical cases of OCD (38). Post-tran-
scriptional mechanisms may also be at play in de-
termining deficits BDNF expression and activity in
OCD. Indeed, a risk allele of micro-RNA, miR-30a-
5p has been identified in clinical cases of OCD; in-
terestingly it can differentiate between early and
late onset OCD (39). Given that miR-30a-5p is a po-
tent mediator of BDNF signaling and acts by
downregulating its expression, it will be interest-
ing to identify the underlying mechanisms of the
linkage between the miR-30a-5p/BDNF axis and
OCD.

Malondialdehyde

Oxidative stress and damage to biomolecules (li-
pids, nucleic acid species and proteins) is an inte-
gral aspect of neurobiology of mood and behavio-
ral disorders, resulting in disintegrity of the blood
brain barrier, neuroinflammation and deficits in
neurotransmitter signaling, among other conse-

FR*

quences (40). Unsurprisingly, alterations in redox
signaling have been proposed to contribute signif-
icantly to the pathogenesis of OCD, to the extent
that the well-known antioxidant, N-acetyl cysteine
(NAC) has been proposed as a therapeutic agent
against OCD (41,42). Indeed, clinical data suggests
that biochemical parameters of redox status are
excessively altered in serum samples of OCD sub-
jects. Thus, they elicited upregulated measures of
total oxidant status (TOS) and oxidative stress in-
dex (OSI), concomitantly with downregulated lev-
els of total antioxidant status (TAS) in comparison
to healthy aged-matched controls (43).

An important marker for oxidative stress is MDA, a
three-carbon molecule formed by the lipid peroxi-
dation of PUFAs (e.g. arachidonic acid). Due to the
action of free radical species, PUFAs are broken
down into MDA, which is a stable signaling mole-
cule (Figure 2). The simplest method for the esti-
mation of MDA in whole blood, serum or plasma,
CSF, saliva, and urinary samples obtained from hu-
man subjects is via spectroscopic analysis, al-
though fluorimetric, high performance liquid
chromatography (HPLC)-based chromatographic
and liquid chromatography - mass spectrometry
(LC-MS) -based mass spectrophotometric assays
are also commonly used (44). The biological sam-
ple must be pre-treated with trichloroacetic acid
to precipitate all proteins. Being a prototype thio-
barbituric acid (TBA) reactive substance (TBARS),
detection of MDA is based upon its ability to react
with TBA to form a chromogenic product that can
be quantified on a spectrophotometer at 530 nm.
A major drawback of this method is its non-speci-
ficity, as other aldehydes present in the sample
can also react with TBA and interfere with the
analyses (45). The assay can thus be coupled with
HPLC or LC-MS for effectiveness, particularly in

y . o,
PUFA ”, PUFA* Conj.ugated \ Conj.ugated 00 Conj.ugated 9
diene diene diene (0]

Peroxyl radical

Endoperoxide

FiGure 2. Malondialdehyde (MDA) formation via peroxidation of polyunsaturated fatty acids (PUFAs). The figure represents the bio-
chemical steps involved in the formation of MDA from PUFAs initiated by free radical attack (FR¥).
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sparse samples. Further, derivatization of MDA
with 2,4-dinitrophenylhydrazine (DNPH) prior to
separation on HPLC columns may ensure specifici-
ty of the reaction (46). The thiobarbituric acid as-
say can also be used for quantification of MDA in
CSF, although the pre-treatment steps differ and
may include addition of surfactants and acids to
the supernatant obtained upon centrifugation (47).

Increased MDA concentrations in peripheral blood
samples has been proposed as a biochemical bio-
marker for the diagnosis and evaluation of the severity
of the symptoms of OCD in several independent stud-
ies (48-52). A recent meta-analysis indicated that se-
rum/plasma concentrations of MDA are positively
correlated OCD pathology in human subjects (53).
Such systemic redox imbalances have also been
proposed by another independent meta-analyti-
cal study, wherein the authors reported significant
positive association of oxidative damage markers
such as 8-hydroxydeoxyguanosine (8-OHdG) and
MDA, in addition to a negative correlation of en-
dogenous antioxidant systems (e.g. glutathione
peroxidase; GPx and superoxide dismutase; SOD)
with OCD pathology in the blood samples of dis-
eased human subjects (54).

Dopamine beta-hydroxylase

Synapses are the primary pathways of interneu-
ronal communication and the substrates for high-
order behaviors such as emotive and social func-
tions. Neurotransmitters; dopamine, serotonin,
noradrenaline/norepinephrine (NE) and glutamate
hence play important roles in the pathophysiolo-

Dopamine beta-
hydroxylase (DBH)

gy of neuropsychiatric disorders such as OCD (55).
In particular, deficits in dopaminergic and seroton-
ergic signaling have been proposed as critical
pathogenic mechanisms for the development and
progression of OCD since some time now (56). No-
radrenergic signaling is another neurotransmitter
pathway which is known to be involved in the
pathophysiology of OCD (57,58). In concurrence,
increased concentrations of norepinephrine have
been observed in the CSF of human subjects with
OCD, and mouse models have shown the require-
ment of altered noradrenergic signaling in OCD-
like behavior (59,60). Dopamine beta-hydroxylase
is an enzyme which is crucial for the production of
NE from dopamine (Figure 3), and hence is a criti-
cal point of regulation in the biosynthesis of cat-
echolamines. Animal experiments with DBH
knockout mice suggest its crucial involvement in
OCD-related excessive grooming, marble burying
and nest-shredding behaviors (60,61). Importantly,
presence of DBH in systemic circulation may allow
it to serve as potential peripheral biomarker for
noradrenergic signaling and hence, neuronal dis-
orders such as OCD (62). Indeed, recent research
has demonstrated the presence of significantly el-
evated concentrations of DBH enzyme in the se-
rum of drug-naive OCD subjects (63). In addition,
polymorphisms of DBH may also be a target for
biomarker identification against behavioral disor-
ders, including OCD (62,64,65). Nevertheless, more
studies with greater sample sizes are needed to af-
firm the linkages between the concentrations of
DBH (and its polymorphisms) and OCD patho-
physiology. This may be relevant considering that

0,

(+ ascorbate)

Dopamine

N

(+ dehydroascorbate)

H,0

Noradrenaline

FiGuRrEe 3. Reaction catalyzed by dopamine beta-hydroxylase (DBH). Dopamine is converted to noradrenalin (norepinephrine) in the
presence of molecular oxygen and ascorbate in a reaction catalyzed by DBH. Water and dehydroascorbate are released as by-prod-

ucts.
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plasma DBH concentrations are not linked to the
pathology of Tourette’s syndrome (TS), which
closely resembles OCD in the etiology and mor-
bidity (66). Hence, peripheral DBH concentrations
may represent a specific biomarker for OCD in this
respect.

Dopamine beta-hydroxylase concentrations exhib-
it significant variations among individuals, influ-
enced by a combination of genetic factors, age,
and health conditions. Genetic polymorphisms, for
instance, can exert a profound impact on DBH ac-
tivity (62). To measure DBH activities in CSF sam-
ples, two methods have been employed; a dual-
wavelength spectrophotometric method, and
HPLC with fluorescence detection. Both methods
rely on tyramine, a structural analogue of dopa-
mine, as the substrate, ensuring optimal conditions
for DBH activity assessment. The dual-wavelength
spectrophotometric method measures p-hydroxy-
benzaldehyde formation, while HPLC is employed
to quantitate the conversion of tyramine to octo-
pamine (67,68). In addition to these direct meas-
ures, DBH metabolites like homovanillic acid (HVA)
and vanillylmandelic acid (VMA) can also be as-
sessed. Thus, gas chromatography - mass spec-
trometry (GC-MS)-based quantification of the HVA/
VMA ratio in urine samples has been used as a
measure of epinephrine/norepinephrine imbal-
ance and altered dopamine production, which
could be related to DBH (69). It should be noted
that assaying DBH activity presents significant chal-
lenges. The various techniques used, such as spec-
trophotometry, radioenzymatic assays, and immu-
noassays may yield slightly different results, there-
by making standardization a problem. Ensuring
that the assays specifically measure DBH activity
without interference from other enzymes or sub-
stances can also be challenging. Furthermore, DBH
activity in CSF has been found to be less stable
than in serum, possibly due to its low concentra-
tion in CSF (62). Hence, it is obvious that improve-
ments in detection of DBH activity in human blood
and CSF samples are warrantied.

https://doi.org/10.11613/BM.2024.010503

Potential biomarkers as therapeutic
targets for OCD

A comprehensive understanding of the underlying
molecular mechanisms is required for linking the
potential biomarkers discussed above with OCD
pathophysiology. In addition, they may serve as
bio-targets for therapeutic strategies. It should be
noted here that the three biomarkers discussed
here are closely inter-related. Thus, oxidative stress
can be induced by enhanced secretion of no-
radrenaline, leading to release of free radicals from
the mitochondria. The free radicals directly affect
BDNF-TrkB signaling. Hence, a reciprocal correla-
tion can be drawn between concentrations of no-
radrenalin (and reactive oxygen species (ROS)) with
BDNF; as DBH activity increases, noradrenalin in-
creases and causes elevation in ROS concentrations
and depletion in BDNF concentrations.

Obsessive compulsive disorder research has ad-
vanced significantly during the past decades. The
most effective clinical care of OCD involves early in-
tervention and relapse prevention techniques.
Adults with OCD may then be treated with selective
serotonin reuptake inhibitors (SSRIs) or cognitive
behavioral therapy (CBT). A combinatorial approach
involving both may also be employed as the first-
line of therapy (70). However, data indicates that a
percentage of OCD subjects may be resistant to
such first-line treatments. In such cases, antipsy-
chotics, such as aripiprazole and risperidone may
be included in the treatment regimen (71). Data
from both animal and human studies indicate that
risperidone mitigates the downregulation of BDNF
and consequently has beneficial effects on neuroin-
flammatory and redox signaling cascades (72-76).

Deep brain stimulation (DBS) is a novel therapeu-
tic regimen, originally developed for the treatment
of movement disorders. Although this needs to be
confirmed and established, recent studies indicate
that DBS may represent a therapeutically relevant
option against neuropsychiatric conditions, in-
cluding OCD (77,78). Moreover, multiple preclinical
and clinical studies have indicated that DBS may
rescue the detrimental deficits in BDNF signaling,
in addition to mitigation of pathological aberra-
tions in noradrenergic (79-85).

Biochem Med (Zagreb) 2024,34(1):010503
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Altered melatonin signaling and disrupted circadi-
an rhythm have been found to be co-morbid with
OCD and melatonin concentrations are often
found to be downregulated in serum samples
from clinical cases (86-89). Melatonergic agonist,
agomelatine has been proposed as an ameliora-
tive agent against OCD in many clinical studies,
particularly against subjects who are unresponsive
to conventional first-line and second-line thera-
peutic regimens (reviewed in (90)). Apart from its
beneficial effects on circadian rhythm, it also im-
proves serotonergic and noradrenergic signaling
(91,92). Not surprisingly, agomelatine therapy in
human subjects may result in amelioration of
OCD-linked symptoms by 90% (93). In addition,
clinical studies have also indicated significant syn-
ergistic beneficial effects of agomelatine supple-
mentation on BDNF levels in patients (94-96). Fur-
ther, preclinical data suggests that agomelatine
may also target oxidative pathways and repress
the formation of MDA; nevertheless, studies are
warranted to ascertain this in humans (97-99).

Recent research suggest that chronic metabolic
conditions, such as diabetes contribute massively
to the increased risk of neurological disorders, in-
cluding mood disorders such as OCD (100). A bidi-
rectional relationship has been proposed between
altered insulin signaling and OCD pathogenesis
(101). Obsessive compulsive disorder and insulin-
linked metabolic conditions may share a common
etiology with regard to genetic risk factors (102). In
concurrence, clinical studies in OCD subjects have
reported altered plasma concentrations of insulin
and insulin-like growth factor-1 (IGF-1) (103,104).
Conversely, studies have reported psychological
vulnerabilities and a high prevalence of OCD-like
symptoms in subjects with diabetes mellitus
(105,106). Animal studies also support such bidi-
rectional interaction between insulin signaling
and OCD (107,108). Given the massive implications
of insulin signaling in neuronal pathophysiology,
the deficits in insulin and IGF-1 signaling may be
hypothesized to affect OCD pathophysiology in a
multimodal manner (109). For example, dendritic
spine dynamics represent a crucial manner via
which insulin signaling regulates neurotransmitter
signaling through the glutamatergic, serotonergic,

Biochem Med (Zagreb) 2024;34(1):010503

noradrenergic, and dopaminergic systems (110).
Nevertheless, the exact identities of the molecular
players and mechanisms are yet to be discerned.
This is important since there is some evidence that
drugs against OCD (e.g. risperidone) may result in
severe problems in insulin signaling, particularly if
the subject has a family history of diabetes melli-
tus (111). Importantly, data suggesting the possible
involvement of insulin signaling in OCD pathology
opens up the possibility of developing novel ther-
apeutic agents and strategies. For example, gen-
istein, a potential anti-diabetic drug may be useful
in ameliorating OCD-like behavior in animal mod-
els (108,112). Similarly, metformin, used for the
treatment of diabetes has been hypothesized to
elicit potentially beneficial effects against OCD
(101,113). Indeed, a recently published study re-
ported the ameliorative effects of metformin in re-
versing metabolic and body weight alterations in-
duced by antipsychotic treatment regimens in a
Canadian subject (114).

Lastly, detrimental alterations in glutamatergic
signaling may play notable roles in the pathophys-
iology of OCD. Research exploring these links has
shown that patients display a peculiar hyperacti-
vation of glutamatergic signaling in the cortico-
striatal-thalamo-cortical circuit. Psychological and
cognitive dysfunctions elicited by OCD patients
may be associated with the changes in the con-
centrations of glutamate and its signaling func-
tions, particularly via the N-methyl-D-aspartate
(NMDA) receptors (117). However, establishing this
link precisely has been an arduous task since glu-
tamatergic neurons are common to all major re-
gions of the brain. Further, glutamatergic agents
like memantine, ketamine, and rapastinel, have
been evaluated for alleviation of OCD symptoms
with reasonable successes (118). Another potential
pathogenic pathway of OCD development is cen-
tered on hyperactivation of neuroinflammatory
system (119). Studies have revealed concurrent in-
cidences of neuroinflammatory pathologies like
autoimmune dysfunctions of lupus and multiple
sclerosis in OCD patients. Additionally, altered ex-
pression of inflammatory mediators has been ob-
served during OCD pathogenesis, leading to the
proposition that immunomodulatory agents may

https://doi.org/10.11613/BM.2024.010503
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be employed for augmenting therapeutic strate-
gies against OCD (120). While the pathogenic links
between aberrant activation of glutamatergic and
inflammatory signaling, and OCD development
have been proposed, further research is needed to
confirm and establish them as diagnostic and
therapeutic targets.

Conclusions and future directions

Obsessive compulsive disorder etiology is com-
plex and the underlying pathogenic pathways and
risk factors are largely undiscerned. Since OCD has
a diverse range of clinical manifestations, not all
patients benefit from therapies currently practiced
in the clinical setting. Nevertheless, several lines of
evidences indicate that neurotrophic, neurotrans-
mitter, and oxidative signaling cascades are in-
volved in the pathophysiology of OCD. The pre-
sent review paper sets out to decipher the utilities
of three main representative parameters for these
cascades as potential biomarkers (and therapeutic
targets). These include BDNF which is a neurotro-
phin with multimodal effects on neuronal survival
and signaling, DBH which is involved in the con-
version of dopamine to norepinephrine, and
therefore critically influences the synaptic signal-
ing, and MDA which is a biomolecular indicator of
oxidative damage to lipids. It should be noted here
that only a thorough understanding of the inter-
relations of these three factors and their simulta-
neous and cumulative changes in OCD pathology
may present a clear indication of the disease sta-
tus. Further, we have also discussed co-morbidities
of chronic sleep disturbances and diabetes as
these can further provide pertinent information
about the status and severity of the neurological
conditions in OCD, and may serve to identify po-
tent therapeutic targets. In this regard, agomela-
tine and metformin may represent particularly in-
teresting candidates; however, further clinical
studies are warranted to establish these as singu-
lar or complementary medications in OCD sub-
jects.

https://doi.org/10.11613/BM.2024.010503

Another aspect for future research is the require-
ment to identify the exact molecular players and
pathways involved in OCD pathogeneses, which
will be beneficial in confirming the suitability of
the three candidates as biomarkers and therapeu-
tic targets. While modelling behavioral conditions
with a complicated etiology, such as OCD is chal-
lenging in animals, it represents one of the major
advantageous strategies for the study of the path-
ogenic mechanisms of, and evaluation of interven-
tions against these diseases (115). Modelling of
neurocircuitry may represent another relevant
strategy to understand the neurological and cog-
nitive mechanisms underlying OCD, although
there are several limitations associated with these
(116). Perhaps, a combinatorial approach involving
animal, clinical, and in silico studies is needed for
understanding and treating OCD, and confirming
and establishing the utility of BDNF, MDA and DBH
as relevant biomarkers and targets in OCD patho-

physiology.

Author contributions

A Sultania, S Venkatesan: conception or design of
the work; data analysis and interpretation, drafting
the article, final approval of the version to be pub-
lished, accountability for all aspects of the work.
DR Batra, K Rajesh, R Vashishth, S Ravi: data acquisi-
tion, drafting the article, final approval of the ver-
sion to be published, accountability for all aspects
of the work. F Ahmad: conception or design of the
work, data acquisition, data analysis and interpre-
tation, drafting the article, critically revising the ar-
ticle, final approval of the version to be published,
accountability for all aspects of the work.

Potential conflict of interest

None declared.

Data availability statement

No data was generated during this study.

Biochem Med (Zagreb) 2024,34(1):010503

9



Sultania A. et al.

Biomarkers and therapeutic targets for OCD

References

1.

10.

11.

12.

Goodman WK, Storch EA, Sheth SA. Harmonizing the neu-
robiology and treatment of obsessive-compulsive disorder.
Am J Psychiatry. 2021;178:17-29. https://doi.org/10.1176/
appi.ajp.2020.20111601

. Stein DJ, Costa DLC, Lochner C, Miguel EC, Reddy YCJ, Sha-

vitt RG, et al. Obsessive—compulsive disorder. Nat Rev Dis
Prim. 2019;5:52. https://doi.org/10.1038/541572-019-0102-
3

. Romanelli RJ, Wu FM, Gamba R, Mojtabai R, Segal JB. Be-

havioral therapy and serotonin reuptake inhibitor phar-
macotherapy in the treatment of obsessive-compulsi-
ve disorder: A systematic review and meta-analysis of he-
ad-to-head randomized controlled trials. Depress Anxiety.
2014;31:641-52. https://doi.org/10.1002/da.22232

. Ost L-G, Havnen A, Hansen B, Kvale G. Cognitive behavioral

treatments of obsessive—compulsive disorder. A systematic
review and meta-analysis of studies published 1993-2014.
Clin Psychol Rev. 2015;40:156-69. https://doi.org/10.1016/].
cpr.2015.06.003

. Karas PJ, Lee S, Jimenez-Shahed J, Goodman WK, Viswa-

nathan A, Sheth SA. Deep Brain Stimulation for Obsessive
Compulsive Disorder: Evolution of Surgical Stimulation Tar-
get Parallels Changing Model of Dysfunctional Brain Circu-
its. Front Neurosci. 2019;12:998. https://doi.org/10.3389/
fnins.2018.00998

. Mataix-Cols D, Boman M, Monzani B, Rlick C, Serlachius E,

Langstrém N, et al. Population-based, multigenerational
family clustering study of obsessive-compulsive disorder.
JAMA Psychiatry. 2013;70:709. https://doi.org/10.1001/ja-
mapsychiatry.2013.3

Mahjani B, Klei L, Hultman CM, Larsson H, Devlin B, Buxba-
um JD, et al. Maternal effects as causes of risk for obsessi-
ve-compulsive disorder. Biol Psychiatry. 2020;87:1045-51.
https://doi.org/10.1016/j.biopsych.2020.01.006

. Bellia F, Vismara M, Annunzi E, Cifani C, Benatti B, Dell’Osso

B, et al. Genetic and epigenetic architecture of Obsessive-
Compulsive Disorder: In search of possible diagnostic and
prognostic biomarkers. J Psychiatr Res. 2021;137:554-71.
https://doi.org/10.1016/].jpsychires.2020.10.040

. Sarmiento C, Lau C, eds. Diagnostic and Statistical Ma-

nual of Mental Disorders, 5th Ed.: DSM-5. In: Carducci BJ,
Nave CS, Di Fabio A, Saklofske DH, Stough Con, eds. The Wi-
ley Encyclopedia of Personality and Individual Differences.
Hoboken: John Wiley & Sons; 2020. p. 125-9. https://doi.
0rg/10.1002/9781119547174.ch198

Biomarkers Definitions Working Group. Biomarkers and
surrogate endpoints: Preferred definitions and conceptual
framework. Clin Pharmacol Ther. 2001,69:89-95. https.//doi.
0rg/10.1067/mcp.2001.113989

Califf RM. Biomarker definitions and their applica-
tions. Exp Biol Med. 2018;243:213-21. https://doi.
org/10.1177/1535370217750088

Jeromin A, Bowser R. Biomarkers in Neurodegenerati-
ve Diseases. Adv Neurobiol. 2017;15:491-528. https://doi.
0rg/10.1007/978-3-319-57193-5_20

Biochem Med (Zagreb) 2024;34(1):010503

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kowianski P, Lietzau G, Czuba E, Waskow M, Steliga A,
Morys J. BDNF: A key factor with multipotent impact on
brain signaling and synaptic plasticity. Cell Mol Neurobi-
ol. 2018;38(3):579-93. https://doi.org/10.1007/s10571-017-
0510-4

Colucci-D’Amato L, Speranza L, Volpicelli F. Neurotrophic
factor BDNF, physiological functions and therapeutic po-
tential in depression, neurodegeneration and brain can-
cer. Int J Mol Sci. 2020;21:7777. https://doi.org/10.3390/
ijms21207777

Wang CS, Kavalali ET, Monteggia LM. BDNF signaling in con-
text: From synaptic regulation to psychiatric disorders. Cell.
2022;185:62-76. https.//doi.org/10.1016/j.cell.2021.12.003
Teche SP, Nuernberg GL, Sordi AO, de Souza LH, Remy L,
Ceresér KMM, et al. Measurement Methods of BDNF Le-
vels in Major Depression: A Qualitative Systematic Review
of Clinical Trials. Psychiatr Q. 2013;84:485-97. https.//doi.
org/10.1007/511126-013-9261-7

Thakkar B, Acevedo EO. BDNF as a biomarker for neu-
ropathic pain: Consideration of mechanisms of action
and associated measurement challenges. Brain Behav.
2023;13:€2903. https://doi.org/10.1002/brb3.2903

Amadio P, Sandrini L, leraci A, Tremoli E, Barbieri S. Effect of
Clotting Duration and Temperature on BDNF Measurement
in Human Serum. Int J Mol Sci. 2017;18:1987. https://doi.
0rg/10.3390/ijms 18091987

Mizui T, Hattori K, Ishiwata S, Hidese S, Yoshida S, Kunu-
gi H, et al. Cerebrospinal fluid BDNF pro-peptide levels in
major depressive disorder and schizophrenia. J Psychia-
tr Res. 2019;113:190-8. https://doi.org/10.1016/]jpsychi-
res.2019.03.024

Olivas-Martinez A, Suarez B, Salamanca-Fernandez E, Re-
ina-Perez |, Rodriguez-Carrillo A, Mustieles V, et al. Deve-
lopment and validation of brain-derived neurotrophic fac-
tor measurement in human urine samples as a non-invasi-
ve effect biomarker. Front Mol Neurosci. 2023;15:1075613.
https://doi.org/10.3389/fnmol.2022.1075613

Bockaj M, Fung B, Tsoulis M, Foster WG, Soleymani L. Met-
hod for Electrochemical Detection of Brain Derived Neuro-
trophic Factor (BDNF) in Plasma. Anal Chem. 2018;90:8561-
6. https://doi.org/10.1021/acs.analchem.8b01642
Bjorkholm C, Monteggia LM. BDNF - a key transducer of an-
tidepressant effects. Neuropharmacology. 2016;102:72-9.
https://doi.org/10.1016/j.neuropharm.2015.10.034
Ghanbarzehi A, Sepehrinezhad A, Hashemi N, Karimi M,
Shahbazi A. Disclosing common biological signatures and
predicting new therapeutic targets in schizophrenia and
obsessive-compulsive disorder by integrated bioinfor-
matics analysis. BMC Psychiatry. 2023;23:40. https://doi.
0rg/10.1186/5s12888-023-04543-z

Katerberg H, Lochner C, Cath DC, de Jonge P, Bochdano-
vits Z, Moolman-Smook JC, et al. The role of the brain-de-
rived neurotrophic factor (BDNF) val66met variant in the
phenotypic expression of obsessive-compulsive disor-
der (OCD). Am J Med Genet Part B Neuropsychiatr Genet.
2009;150B:1050-62. https://doi.org/10.1002/ajmg.b.30930

https://doi.org/10.11613/BM.2024.010503

10


https://doi.org/10.1176/appi.ajp.2020.20111601
https://doi.org/10.1176/appi.ajp.2020.20111601
https://doi.org/10.1038/s41572-019-0102-3
https://doi.org/10.1038/s41572-019-0102-3
https://doi.org/10.1002/da.22232
https://doi.org/10.1016/j.cpr.2015.06.003
https://doi.org/10.1016/j.cpr.2015.06.003
https://doi.org/10.3389/fnins.2018.00998
https://doi.org/10.3389/fnins.2018.00998
https://doi.org/10.1001/jamapsychiatry.2013.3
https://doi.org/10.1001/jamapsychiatry.2013.3
https://doi.org/10.1016/j.jpsychires.2020.10.040
https://doi.org/10.1002/9781119547174.ch198
https://doi.org/10.1002/9781119547174.ch198
https://doi.org/10.1067/mcp.2001.113989
https://doi.org/10.1067/mcp.2001.113989
https://doi.org/10.1177/1535370217750088
https://doi.org/10.1177/1535370217750088
https://doi.org/10.1007/978-3-319-57193-5_20
https://doi.org/10.1007/978-3-319-57193-5_20
https://doi.org/10.1007/s10571-017-0510-4
https://doi.org/10.1007/s10571-017-0510-4
https://doi.org/10.3390/ijms21207777
https://doi.org/10.3390/ijms21207777
https://doi.org/10.1007/s11126-013-9261-7
https://doi.org/10.1007/s11126-013-9261-7
https://doi.org/10.1002/brb3.2903
https://doi.org/10.3390/ijms18091987
https://doi.org/10.3390/ijms18091987
https://doi.org/10.1016/j.jpsychires.2019.03.024
https://doi.org/10.1016/j.jpsychires.2019.03.024
https://doi.org/10.3389/fnmol.2022.1075613
https://doi.org/10.1021/acs.analchem.8b01642
https://doi.org/10.1016/j.neuropharm.2015.10.034
https://doi.org/10.1186/s12888-023-04543-z
https://doi.org/10.1186/s12888-023-04543-z
https://doi.org/10.1002/ajmg.b.30930

Sultania A. et al.

Biomarkers and therapeutic targets for OCD

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Hemmings SMJ, Kinnear CJ, Van Der Merwe L, Loch-
ner C, Corfield VA, Moolman-Smook JC, et al. Investiga-
ting the role of the brain-derived neurotrophic factor
(BDNF) val66met variant in obsessive-compulsive disorder
(OCD). World J Biol Psychiatry. 2008;9:126-34. https://doi.
0rg/10.1080/15622970701245003

Wang S, Wang S, Xu X, Yan B, Song M, Li J, et al. Is brain-de-
rived neurotrophic factor (BDNF) Val66Met polymorphi-
sm associated with obsessive-compulsive disorder? A me-
ta-analysis. Psychiatr Danub. 2019;31:141-7. https://doi.
0rg/10.24869/psyd.2019.141

Wang Y, Zhang H, Li Y, Wang Z, Fan Q, Yu S, et al. BDNF
Val66Met polymorphism and plasma levels in Chinese Han
population with obsessive-compulsive disorder and ge-
neralized anxiety disorder. J Affect Disord. 2015;186:7-12.
https://doi.org/10.1016/j.jad.2015.07.023
Abdolhosseinzadeh S, Alizadeh N, Shams J, Asadi S, Ahma-
diani A. BDNF association study with obsessive-compulsi-
ve disorder, its clinical characteristics, and response to flu-
voxamine-treatment in Iranian patients. Exp Clin Psycho-

pharmacol.  2020;28:216-24.  https://doi.org/10.1037/
pha0000297
Tiikel R, Ozata B, Oztiirk N, Ertekin BA, Ertekin E, Saruhan Di-

reskeneli G. The role of the brain-derived neurotrophic fac-
tor SNP rs2883187 in the phenotypic expression of obse-
ssive-compulsive disorder. J Clin Neurosci. 2014;21:790-3.
ttps://doi.org/10.1016/j.jocn.2013.07.037

D’Addario C, Bellia F, Benatti B, Grancini B, Vismara M, Pucci
M, et al. Exploring the role of BDNF DNA methylation and
hydroxymethylation in patients with obsessive compul-
sive disorder. J Psychiatr Res. 2019;114:17-23. https.//doi.
0rg/10.1016/].jpsychires.2019.04.006

D’Addario C, Macellaro M, Bellia F, Benatti B, Annunzi E, Pa-
lumbo R, et al. In search for biomarkers in obsessive-com-
pulsive disorder: new evidence on saliva as a practical sour-
ce of DNA to assess epigenetic regulation. Curr Med Chem.
2022;29(36):5782-91. https://doi.org/10.2174/09298673286
66211208115536

Wang Y, Mathews CA, Li Y, Lin Z, Xiao Z. Brain-derived ne-
urotrophic factor (BDNF) plasma levels in drug-naive
OCD patients are lower than those in healthy people, but
are not lower than those in drug-treated OCD patients. J
Affect Disord. 2011;133:305-10. https://doi.org/10.1016/].
jad.2011.04.002

Maina G, Rosso G, Zanardini R, Bogetto F, Gennarelli M,
Bocchio-Chiavetto L. Serum levels of brain-derived neuro-
trophic factor in drug-naive obsessive-compulsive pati-
ents: A case—control study. J Affect Disord. 2010;122:174-8.
https://doi.org/10.1016/j.jad.2009.07.009

Hao L-S, Du Y, Chen L, Jiao Y-G, Cheng Y. Brain-derived ne-
urotrophic factor as a biomarker for obsessive-compulsive
disorder: A meta-analysis. J Psychiatr Res. 2022;151:676-82.
https://doi.org/10.1016/].jpsychires.2022.05.026

Guo H-R, Huang B-L, Wang Y-L, Zhang Y-Y, Ma Q-G, Lv P-P,
et al. Effect of escitalopram on serum GDNF and BDNF le-
vels and 5-HT level of brain tissue of obsessive—compulsive
disorder rats. Cell Mol Neurobiol. 2020;40:991-7. https://doi.
org/10.1007/510571-020-00788-4

https://doi.org/10.11613/BM.2024.010503

36.

37.

38.

39.

40.

4

—_

42.

43.

44,

45.

46.

47.

48.

Colak Sivri R, Bilgic A, Kiling . Cytokine, chemokine and
BDNF levels in medication-free pediatric patients with obse-
ssive—compulsive disorder. Eur Child Adolesc Psychiatry.
2018;27:977-84. https://doi.org/10.1007/s00787-017-1099-3

Simsek S, Gencodlan S, Yiiksel T, Kaplan I, Alaca R. Cortisol
and brain-derived neurotrophic factor levels prior to tre-
atment in children with obsessive-compulsive disorder. J
Clin Psychiatry. 2016,;77:e855-9. https://doi.org/10.4088/
JCP.15m10146

Li P, Cheng J, Gu Q Wang P, Lin Z, Fan Q, et al. Intermedia-
tion of perceived stress between early trauma and plasma
M/P ratio levels in obsessive-compulsive disorder patients.
J Affect Disord. 2021;285:105-11. https://doi.org/10.1016/j.
jad.2021.02.046

Deng M, Wang Y, Yu S, Fan Q, Qiu J, Wang Z, et al. Exploring
association between serotonin and neurogenesis related
genes in obsessive-compulsive disorder in Chinese Han pe-
ople: promising association between DMRT2, miR-30a-5p,
and early-onset patients. Front psychiatry. 2022;13:857574.
https://doi.org/10.3389/fpsyt.2022.857574

Fedoce A das G, Ferreira F, Bota RG, Bonet-Costa V, Sun PY,
Davies KJA. The role of oxidative stress in anxiety disor-
der: cause or consequence? Free Radic Res. 2018;52:737-50.
https://doi.org/10.1080/10715762.2018.1475733

. Vallee A, Lecarpentier Y, Vallée J-N. WNT/B-catenin pathway

and circadian rhythms in obsessive-compulsive disor-
der. Neural Regen Res. 2022;17:2126-30. https://doi.
0rg/10.4103/1673-5374.332133

Smith L, Tracy DK, Giaroli G. What future role might N-acetyl-
cysteine have in the treatment of obsessive compulsive and
grooming disorders? J Clin Psychopharmacol. 2016,36:57-
62. https://doi.org/10.1097/JCP.000000000000043 1
Kandemir H, Abuhandan M, Aksoy N, Savik E, Kaya C. Oxida-
tive imbalance in child and adolescent patients with obse-
ssive compulsive disorder. J Psychiatr Res. 2013;47:1831-4.
https://doi.org/10.1016/j.jpsychires.2013.08.010

Tsikas D. Assessment of lipid peroxidation by measuring
malondialdehyde (MDA) and relatives in biological sam-
ples: Analytical and biological challenges. Anal Biochem.
2017:524:13-30. https.//doi.org/10.1016/j.ab.2016.10.021
Singh Z, Karthigesu IR, Singh P, Kaur R. Use of malondial-
dehyde as a biomarker for assessing oxidative stress in diffe-
rent disease pathologies: a review. Iran J Public Health.
2015;43:7-16.

Korchazhkina O, Exley C, Andrew Spencer S. Measure-
ment by reversed-phase high-performance liquid chro-
matography of malondialdehyde in normal human urine
following derivatisation with 2,4-dinitrophenylhydrazine. J
Chromatogr B Analyt Technol Biomed Life Sci. 2003;794:353-
62. https://doi.org/10.1016/51570-0232(03)00495-1

Shukla R, Rajani M, Srivastava N, Barthwal MK, Dik-
shit M. Nitrite and malondialdehyde content in ce-
rebrospinal fluid of patients with Parkinson’s dise-
ase. Int J Neurosci. 2006;116:1391-402. https://doi.
org/10.1080/00207450500513989

Kuloglu M, Atmaca M, Tezcan E, Gecici O, Tunckol H, Ustun-
dag B. Antioxidant enzyme activities and malondial-
dehyde levels in patients with obsessive-compulsive dis-

Biochem Med (Zagreb) 2024,34(1):010503

11


https://doi.org/10.1080/15622970701245003
https://doi.org/10.1080/15622970701245003
https://doi.org/10.24869/psyd.2019.141
https://doi.org/10.24869/psyd.2019.141
https://doi.org/10.1016/j.jad.2015.07.023
https://doi.org/10.1037/pha0000297
https://doi.org/10.1037/pha0000297
https://doi.org/10.1016/j.jocn.2013.07.037
https://doi.org/10.1016/j.jpsychires.2019.04.006
https://doi.org/10.1016/j.jpsychires.2019.04.006
https://doi.org/10.2174/0929867328666211208115536
https://doi.org/10.2174/0929867328666211208115536
https://doi.org/10.1016/j.jad.2011.04.002
https://doi.org/10.1016/j.jad.2011.04.002
https://doi.org/10.1016/j.jad.2009.07.009
https://doi.org/10.1016/j.jpsychires.2022.05.026
https://doi.org/10.1007/s10571-020-00788-4
https://doi.org/10.1007/s10571-020-00788-4
https://doi.org/10.4088/JCP.15m10146
https://doi.org/10.4088/JCP.15m10146
https://doi.org/10.1016/j.jad.2021.02.046
https://doi.org/10.1016/j.jad.2021.02.046
https://doi.org/10.3389/fpsyt.2022.857574
https://doi.org/10.1080/10715762.2018.1475733
https://doi.org/10.4103/1673-5374.332133
https://doi.org/10.4103/1673-5374.332133
https://doi.org/10.1097/JCP.0000000000000431
https://doi.org/10.1016/j.jpsychires.2013.08.010
https://doi.org/10.1016/j.ab.2016.10.021
https://doi.org/10.1016/S1570-0232(03)00495-1
https://doi.org/10.1080/00207450500513989
https://doi.org/10.1080/00207450500513989

Sultania A. et al.

Biomarkers and therapeutic targets for OCD

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

order. Neuropsychobiology. 2002;46:27-32. https.//doi.
0rg/10.1159/000063573

Ozdemir E, Cetinkaya S, Ersan S, Kucukosman S, Ersan EE.
Serum selenium and plasma malondialdehyde levels and
antioxidant enzyme activities in patients with obsessive—
compulsive disorder. Prog Neuro-Psychopharmacology
Biol Psychiatry. 2009;33:62-5. https://doi.org/10.1016/].
pnpbp.2008.10.004

Chakraborty S, Singh OF, Dasgupta A, Mandal N, Das HN.
Correlation between lipid peroxidation-induced TBARS level
and disease severity in obsessive-compulsive disorder. Prog
Neuro-Psychopharmacology Biol Psychiatry. 2009;33:363-6.
https://doi.org/10.1016/j.pnpbp.2009.01.001

Orhan N, Kucukali Cl, Cakir U, Seker N, Aydin M. Gene-
tic variants in nuclear-encoded mitochondrial proteins
are associated with oxidative stress in obsessive compul-
sive disorders. J Psychiatr Res. 2012;46:212-8. https://doi.
0rg/10.1016/].jpsychires.2011.09.012

Behl A, Swami G, Sircar SS, Bhatia MS, Banerjee BD. Relati-
onship of possible stress-related biochemical markers to
oxidative/antioxidative status in obsessive-compulsive dis-
order. Neuropsychobiology. 2010;61:210-4. https://doi.
0rg/10.1159/000306591

Mohammadi AH, Balandeh E, Milajerdi A. Malondialdehyde
concentrations in obsessive—compulsive disorder: a syste-
matic review and meta-analysis. Ann Gen Psychiatry.
2021,20:34. https.//doi.org/10.1186/5s12991-021-00354-2
Maia A, Oliveira J, Lajnef M, Mallet L, Tamouza R, Leboyer
M, et al. Oxidative and nitrosative stress markers in obse-
ssive-compulsive disorder: a systematic review and meta-
analysis. Acta Psychiatr Scand. 2019;139:420-33. https://
doi.org/10.1111/acps.13026

Murphy DL, Moya PR, Fox MA, Rubenstein LM, Wendland
JR, Timpano KR. Anxiety and affective disorder comorbidity
related to serotonin and other neurotransmitter systems:
obsessive—compulsive disorder as an example of overlap-
ping clinical and genetic heterogeneity. Philos Trans R Soc
B Biol Sci. 2013;368:20120435. https://doi.org/10.1098/
rstb.2012.0435

Goodman WK, McDougle CJ, Price LH. The role of serotonin
and dopamine in the pathophysiology of obsessive com-
pulsive disorder. Int Clin Psychopharmacol. 1992;7:35-8.
https://doi.org/10.1097/00004850-199206001-00009
Hollander E, DeCaria C, Nitescu A, Cooper T, Stover B, Gully
R, et al. Noradrenergic function in obsessive-compulsi-
ve disorder: Behavioral and neuroendocrine responses to
clonidine and comparison to healthy controls. Psychia-
try Res. 1991;37:161-77. https://doi.org/10.1016/0165-
1781(91)90073-X

Hollander E, Fay M, Cohen B, Campeas R, Gorman JM, Lie-
bowitz MR. Serotonergic and noradrenergic sensitivity in
obsessive-compulsive disorder: behavioral findings. Am
J Psychiatry. 1988;145:1015-7. https://doi.org/10.1176/
ajp.145.8.1015

Leckman JF, Goodman WK, Anderson GM, Riddle MA,
Chappell PB, McSwiggan-Hardin MT, et al. Cerebrospinal
fluid biogenic amines in obsessive compulsive disorder,
Tourette’s syndrome, and healthy controls. Neuropsycho-

Biochem Med (Zagreb) 2024;34(1):010503

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

pharmacology.
sj.npp.1380241
Lustberg D, lannitelli AF, Tillage RP, Pruitt M, Liles LC, We-
inshenker D. Central norepinephrine transmission is requ-
ired for stress-induced repetitive behavior in two rodent
models of obsessive-compulsive disorder. Psychopharma-
cology (Berl). 2020;237:1973-87. https://doi.org/10.1007/
500213-020-05512-0

Lustberg DJ, Liu JQ, lannitelli AF, Vanderhoof SO, Li-
les LC, McCann KE, et al. Norepinephrine and dopa-
mine contribute to distinct repetitive behaviors indu-
ced by novel odorant stress in male and female mice.
Horm Behav. 2022;144:105205. https.//doi.org/10.1016/j.
yhbeh.2022.105205

Gonzalez-Lopez E, Vrana KE. Dopamine beta-hydroxyla-
se and its genetic variants in human health and disease.
J Neurochem. 2020;152:157-81. https.//doi.org/10.1111/
jnc.14893

Xiao Z, Wang Y, Deng M, Zhang H, Fan Q. Proteomic analysis
reveals sympathetic system and immune-inflammation bi-
omarkers in serum of drug-free obsessive-compulsive dis-
order. Research Square [Preprint]. 2022 [cited 2023 Jan
12]. Available from: https://europepmc.org/article/ppr/
ppr497903. https.//doi.org/10.21203/rs.3.rs-1650133/v1
Comings DE, Wu S, Chiu C, Ring RH, Gade R, Ahn C, et
al. Polygenic inheritance of Tourette syndrome, stutte-
ring, attention deficit hyperactivity, conduct, and oppo-
sitional defiant disorder: the additive and subtractive
effect of the three dopaminergic genes--DRD2, D beta H,
and DAT1. Am J Med Genet. 1996;67:264-88. https.//doi.
org/10.1002/(SIC1)1096-8628(19960531)67:3<264::AlD-
AIMG4>3.0.CO;2-N

Hess C, Reif A, Strobel A, Boreatti-Hiimmer A, Heine M, Lesch
K-P, et al. A functional dopamine-3-hydroxylase gene pro-
moter polymorphism is associated with impulsive perso-
nality styles, but not with affective disorders. J Neural Tran-
sm. 2009;116:121-30. https://doi.org/10.1007/500702-008-
0138-0

Chou I-C, Lin W-D, Wang C-H, Chang Y-T, Chin Z-N, Tsai C-H,
et al. Association analysis between Tourette’s syndrome and
two dopamine genes (DAT1, DBH) in Taiwanese children.
BioMedicine. 2013;3:88-91. https://doi.org/10.1016/].bio-
med.2013.02.003

Nagatsu T, Wakui Y, Kato T, Fujita K, Kondo T, Yokochi F, et al.
Dopamine beta-hydroxylase activity in cerebrospinal fluid
of Parkinsonian patients. Biomed Res. 1982;3:95-8. https://
doi.org/10.2220/biomedres.3.95

Hurst JH, LeWitt PA, Burns RS, Foster NL, Lovenberg W.
CSF dopamine--hydroxylase activity in Parkinson’s dise-
ase. Neurology. 1985;35:565-68. https://doi.org/10.1212/
WNL.35.4.565

Gqtarek P, Katuzna-Czapliriska J. Effect of Supplementati-
on on Levels of Homovanillic and Vanillylmandelic Acids
in Children with Autism Spectrum Disorders. Metabolites.
2022;12:423. https.//doi.org/10.3390/metabo 12050423

Del Casale A, Sorice S, Padovano A, Simmaco M, Ferracu-
ti S, Lamis DA, et al. Psychopharmacological treatment
of obsessive-compulsive disorder (OCD). Curr Neurophar-

1995;12:73-86.  https://doi.org/10.1038/

https://doi.org/10.11613/BM.2024.010503

12


https://doi.org/10.1159/000063573
https://doi.org/10.1159/000063573
https://doi.org/10.1016/j.pnpbp.2008.10.004
https://doi.org/10.1016/j.pnpbp.2008.10.004
https://doi.org/10.1016/j.pnpbp.2009.01.001
https://doi.org/10.1016/j.jpsychires.2011.09.012
https://doi.org/10.1016/j.jpsychires.2011.09.012
https://doi.org/10.1159/000306591
https://doi.org/10.1159/000306591
https://doi.org/10.1186/s12991-021-00354-2
https://doi.org/10.1111/acps.13026
https://doi.org/10.1111/acps.13026
https://doi.org/10.1098/rstb.2012.0435
https://doi.org/10.1098/rstb.2012.0435
https://doi.org/10.1097/00004850-199206001-00009
https://doi.org/10.1016/0165-1781(91)90073-X
https://doi.org/10.1016/0165-1781(91)90073-X
https://doi.org/10.1176/ajp.145.8.1015
https://doi.org/10.1176/ajp.145.8.1015
https://doi.org/10.1038/sj.npp.1380241
https://doi.org/10.1038/sj.npp.1380241
https://doi.org/10.1007/s00213-020-05512-0
https://doi.org/10.1007/s00213-020-05512-0
https://doi.org/10.1016/j.yhbeh.2022.105205
https://doi.org/10.1016/j.yhbeh.2022.105205
https://doi.org/10.1111/jnc.14893
https://doi.org/10.1111/jnc.14893
https://europepmc.org/article/ppr/ppr497903
https://europepmc.org/article/ppr/ppr497903
https://doi.org/10.21203/rs.3.rs-1650133/v1
https://doi.org/10.1007/s00702-008-0138-0
https://doi.org/10.1007/s00702-008-0138-0
https://doi.org/10.1016/j.biomed.2013.02.003
https://doi.org/10.1016/j.biomed.2013.02.003
https://doi.org/10.2220/biomedres.3.95
https://doi.org/10.2220/biomedres.3.95
https://doi.org/10.1212/WNL.35.4.565
https://doi.org/10.1212/WNL.35.4.565
https://doi.org/10.3390/metabo12050423

Sultania A. et al.

Biomarkers and therapeutic targets for OCD

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

macol. 2019;17:710-36. https://doi.org/10.2174/157015
9X16666180813155017

Albert U, Marazziti D, Di Salvo G, Solia F, Rosso G, Maina G.
A systematic review of evidence-based treatment strate-
gies for obsessive- compulsive disorder resistant to first-li-
ne pharmacotherapy. Curr Med Chem. 2018;25:5647-61.
https://doi.org/10.2174/0929867325666171222163645

Yu W, Zhu M, Fang H, Zhou J, Ye L, Bian W, et al. Risperido-
ne reverses the downregulation of BDNF in hippocampal
neurons and MK801-induced cognitive impairment in rats.
Front Behav Neurosci. 2019;13:163. https.//doi.org/10.3389/
fnbeh.2019.00163

Rogéz Z, Kaminiska K, Pariczyszyn-Trzewik P, Sowa-Ku¢éma
M. Repeated co-treatment with antidepressants and risperi-
done increases BDNF mRNA and protein levels in rats. Phar-
macol Reports. 2017;69:885-93. https://doi.org/10.1016/j.
pharep.2017.02.022

Wu ZW, Shi H, Chen DC, Chen S, Xiu MH, Zhang XY. BDNF
serum levels and cognitive improvement in drug-nai-
ve first episode patients with schizophrenia: A prospecti-
ve 12-week longitudinal study. Psychoneuroendocrino-
logy. 2020;122:104879. https://doi.org/10.1016/j.psyneu-
en.2020.104879

Wu Z, Liu Q, Zhang Y, Guan X, Xiu M, Zhang X. Superoxide
dismutase, BDNF, and cognitive improvement in drug-nai-
ve first-episode patients with schizophrenia: A 12-week lon-
gitudinal study. Int J Neuropsychopharmacol. 2022,;25:128-
35. https://doi.org/10.1093/ijnp/pyab065

Noto MN, Maes M, Vargas Nunes SO, Ota VK, Cavalcan-
te D, Oliveira G, et al. BDNF in antipsychotic naive first epi-
sode psychosis: Effects of risperidone and the immune-in-
flammatory response system. J Psychiatr Res. 2021;141:206-
13. https://doi.org/10.1016/].jpsychires.2021.07.011
Rapinesi C, Kotzalidis GD, Ferracuti S, Sani G, Girardi P,
Del Casale A. Brain stimulation in obsessive-compulsi-
ve disorder (OCD): A systematic review. Curr Neurophar-
macol. 2019;17:787-807. https://doi.org/10.2174/157015
9X17666190409142555

Wu H, Hariz M, Visser-Vandewalle V, Zrinzo L, Coenen VA,
Sheth SA, et al. Deep brain stimulation for refractory obse-
ssive-compulsive disorder (OCD): emerging or established
therapy? Mol Psychiatry. 2021,26:60-5.

Hoyer C, Kranaster L, Sartorius A, Hellweg R, Gass P. Long-
term course of brain-derived neurotrophic factor serum le-
vels in a patient treated with deep brain stimulation of the
lateral habenula. Neuropsychobiology. 2012;65:147-52.
https.//doi.org/10.1159/000335243

Gaede G, Hellweg R, Zimmermann H, Brandt AU, Dérr J, Bell-
mann-Strobl J, et al. Effects of deep repetitive transcranial
magnetic stimulation on brain-derived neurotrophic factor
serum concentration in healthy volunteers. Neuropsychobi-
ology. 2014;69:112-9. https://doi.org/10.1159/000358088
Torres-Sanchez S, Perez-Caballero L, Berrocoso E. Cellular
and molecular mechanisms triggered by Deep Brain Sti-
mulation in depression: A preclinical and clinical approach.
Prog Neuropsychopharmacology Biol Psychiatry. 2017;73:1-
10. https://doi.org/10.1016/j.pnpbp.2016.09.005

https://doi.org/10.11613/BM.2024.010503

82.

83.

84.

85.

86.

87.

88.

89.

90.

9

-

92.

93.

Dandekar MP, Saxena A, Scaini G, Shin JH, Migut A, Girid-
haran WV, et al. Medial forebrain bundle deep brain stimu-
lation reverses anhedonic-like behavior in a chronic mo-
del of depression: Importance of BDNF and inflammatory
cytokines. Mol Neurobiol. 2019;56:4364-80. https.//doi.
org/10.1007/512035-018-1381-5

Torres-Sanchez S, Perez-Caballero L, Mico JA, Celada P,
Berrocoso E. Effect of deep brain stimulation of the ventro-
medial prefrontal cortex on the noradrenergic system in
rats. Brain Stimul. 2018;11:222-30. https://doi.org/10.1016/j.
brs.2017.10.003

Gjedde A, Geday J. Deep brain stimulation reveals emotio-
nal impact processing in ventromedial prefrontal cortex.
PLoS One. 2009;4:e8120. https://doi.org/10.1371/journal.
pone.0008120

Sartorius A, Henn FA. Deep brain stimulation of the late-
ral habenula in treatment resistant major depression. Med
Hypotheses.  2007;69:1305-8.  https://doi.org/10.1016/j.
mehy.2007.03.021

Coles ME, Schubert J, Stewart E, Sharkey KM, Deak M.
Sleep duration and timing in obsessive-compulsive disor-
der (OCD): evidence for circadian phase delay. Sleep Med.
2020;72:111-7. https://doi.org/10.1016/j.sleep.2020.03.021
Catapano F, Monteleone P, Fuschino A, Maj M, Kemali D.
Melatonin and cortisol secretion in patients with primary
obsessive-compulsive disorder. Psychiatry Res. 1992;44:217-
25. https://doi.org/10.1016/0165-1781(92)90025-X

Millet B, Touitou Y, Poirier MF, Bourdel MC, Hantouche E,
Bogdan A, et al. Plasma melatonin and cortisol in patients
with obsessive-compulsive disorder: relationship with axi-
llary temperature, physical activity, and clinical symptoms.
Biol Psychiatry. 1998;44:874-81. https://doi.org/10.1016/
50006-3223(97)00512-X

Monteleone P, Catapano F, Tortorella A, Di Martino S,
Maj M. Plasma melatonin and cortisol circadian patterns
in patients with obsessive-compulsive disorder befo-
re and after fluoxetine treatment. Psychoneuroendocri-
nology. 1995;20:763-70.  https://doi.org/10.1016/0306-
4530(95)00013-5

Perugi G, Quaranta G, Bucci N. The use of agomelatine in
OCD: effects on the motivational aspects and dysregulated
circadian rhythms. Expert Opin Investig Drugs. 2015,;24:705-
13. https://doi.org/10.1517/13543784.2015.1021918

. SuQ LiT, Liu G-W, Zhang Y-L, Guo J-H, Wang Z-J, et al. Ago-

melatine: a potential novel approach for the treatment
of memory disorder in neurodegenerative disease. Neu-
ral Regen Res. 2023;18:727. https://doi.org/10.4103/1673-
5374.353479

da Rocha FF, Correa H. Is circadian rhythm disruption im-
portant in obsessive-compulsive disorder (OCD)? A case
of successful augmentation with agomelatine for the tre-
atment of OCD. Clin Neuropharmacol. 2011;34:139-40.
ttps.//doi.org/10.1097/WNF.0b013e318223421f

Coles ME, Goodman MH. A systematic review of case stu-
dies testing a melatonergic agonist/ 5HT2c antagonist
for individuals with obsessive compulsive disorder. J Anxi-
ety Disord. 2020;69:102173. https://doi.org/10.1016/].
janxdis.2019.102173

Biochem Med (Zagreb) 2024,34(1):010503

13


https://doi.org/10.2174/1570159X16666180813155017
https://doi.org/10.2174/1570159X16666180813155017
https://doi.org/10.2174/0929867325666171222163645
https://doi.org/10.3389/fnbeh.2019.00163
https://doi.org/10.3389/fnbeh.2019.00163
https://doi.org/10.1016/j.pharep.2017.02.022
https://doi.org/10.1016/j.pharep.2017.02.022
https://doi.org/10.1016/j.psyneuen.2020.104879
https://doi.org/10.1016/j.psyneuen.2020.104879
https://doi.org/10.1093/ijnp/pyab065
https://doi.org/10.1016/j.jpsychires.2021.07.011
https://doi.org/10.2174/1570159X17666190409142555
https://doi.org/10.2174/1570159X17666190409142555
https://doi.org/10.1159/000335243
https://doi.org/10.1159/000358088
https://doi.org/10.1016/j.pnpbp.2016.09.005
https://doi.org/10.1007/s12035-018-1381-5
https://doi.org/10.1007/s12035-018-1381-5
https://doi.org/10.1016/j.brs.2017.10.003
https://doi.org/10.1016/j.brs.2017.10.003
https://doi.org/10.1371/journal.pone.0008120
https://doi.org/10.1371/journal.pone.0008120
https://doi.org/10.1016/j.mehy.2007.03.021
https://doi.org/10.1016/j.mehy.2007.03.021
https://doi.org/10.1016/j.sleep.2020.03.021
https://doi.org/10.1016/0165-1781(92)90025-X
https://doi.org/10.1016/S0006-3223(97)00512-X
https://doi.org/10.1016/S0006-3223(97)00512-X
https://doi.org/10.1016/0306-4530(95)00013-5
https://doi.org/10.1016/0306-4530(95)00013-5
https://doi.org/10.1517/13543784.2015.1021918
https://doi.org/10.4103/1673-5374.353479
https://doi.org/10.4103/1673-5374.353479
https://doi.org/10.1097/WNF.0b013e318223421f
https://doi.org/10.1016/j.janxdis.2019.102173
https://doi.org/10.1016/j.janxdis.2019.102173

Sultania A. et al.

Biomarkers and therapeutic targets for OCD

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Martinotti G, Pettorruso M, De Berardis D, Varasano PA,
Lucidi Pressanti G, De Remigis V, et al. Agomelatine incre-
ases BDNF serum levels in depressed patients in correla-
tion with the improvement of depressive symptoms. Int J
Neuropsychopharmacol. 2016;19(5):pyw003. https://doi.
0rg/10.1093/ijnp/pyw003

Gupta K, Gupta R, Bhatia MS, Tripathi AK, Gupta LK. Effect
of agomelatine and fluoxetine on HAM-D score, serum
brain-derived neurotrophic factor, and tumor necrosis
factor- a level in patients with major depressive disorder
with severe depression. J Clin Pharmacol. 2017;57:1519-
26. https://doi.org/10.1002/jcph.963

Tardito D, Molteni R, Popoli M, Racagni G. Synergistic
mechanisms involved in the antidepressant effects of
agomelatine. Eur Neuropsychopharmacol. 2012;22:5482-
6. https://doi.org/10.1016/j.euroneuro.2012.06.016
Chanmanee T, Wongpun J, Tocharus C, Govitrapong
B Tocharus J. The effects of agomelatine on endopla-
smic reticulum stress related to mitochondrial dysfuncti-
on in hippocampus of aging rat model. Chem Biol Interact.
2022;351:109703. https://doi.org/10.1016/j.cbi.2021.109703
Azim MS, Agarwal NB, Vohora D. Effects of agomelatine
on pentylenetetrazole-induced kindling, kindling-asso-
ciated oxidative stress, and behavioral despair in mice
and modulation of its actions by luzindole and 1-(m-
chlorophenyl) piperazine. Epilepsy Behav. 2017;72:140-4.
https://doi.org/10.1016/j.yebeh.2017.03.019

Gupta S, Singh P, Sharma BM, Sharma B. Neuroprotective
effects of agomelatine and vinpocetine against chronic
cerebral hypoperfusion induced vascular dementia. Curr
Neurovasc Res. 2015;12:240-52. https://doi.org/10.2174/1
567202612666150603130235

Fanelli G, Franke B, De Witte W, Ruisch IH, Haavik J, van
Gils V, et al. Insulinopathies of the brain? Genetic over-
lap between somatic insulin-related and neuropsychia-
tric disorders. Transl Psychiatry. 2022;12:59. https://doi.
0rg/10.1038/5s41398-022-01817-0

Grassi G, Figee M, Pozza A, Dell'Osso B. Obsessive-com-
pulsive disorder, insulin signaling and diabetes — A novel
form of physical health comorbidity: The sweet compulsi-
ve brain. Compr Psychiatry. 2022;117:152329. https://doi.
0rg/10.1016/j.comppsych.2022.152329

Bralten J, Widomska J, Witte W De, Yu D, Mathews CA, Sc-
harf JM, et al. Shared genetic etiology between obsessive-
compulsive disorder, obsessive-compulsive symptoms in
the population, and insulin signaling. Transl Psychiatry.
2020;10:121. https://doi.org/10.1038/541398-020-0793-y
Rosso G, Zanardini R, Chiodelli DF, Ferrari C, Gennarelli M,
Bocchio-Chiavetto L. Serum levels of insulin-like growth
factor-1 and obsessive-compulsive disorder: A case-con-
trol study. Neuropsychobiology. 2016;74:15-21. https://
doi.org/10.1159/000446918

Narayanaswamy JC, Jose D, Shivakumar V, Shrinivasa B,
Kaur M, Kalmady SV, et al. Plasma insulin-like growth fac-
tor-1 levels and response to selective serotonin reuptake
inhibitor treatment: A prospective study of medication-
naive OCD patients. Asian J Psychiatr. 2017;28:65-6.
https://doi.org/10.1016/j.ajp.2017.03.013

Biochem Med (Zagreb) 2024;34(1):010503

105.

106.

107.

108.

109.

110.

171.

112.

113.

114.

115.

116.

Santos MA, Ceretta LB, Réus GZ, Abelaira HM, Jorna-
da LK, Schwalm MT, et al. Anxiety disorders are associa-
ted with quality of life impairment in patients with in-
sulin-dependent type 2 diabetes: a case-control stu-
dy. Rev Bras Psiquiatr. 2014,36:298-304. https://doi.
org/10.1590/1516-4446-2013-1230

Albai O, Frandes M, Timar R, Timar B, Anghel T, Avram VF,
et al. The mental status in patients with diabetes melli-
tus admitted to a diabetes clinic after presenting in the
emergency room: The application of the SCL-90 scale.
Diabetes. Diabetes Metab Syndr Obes. 2021;14:1833-40.
https://doi.org/10.2147/DMS0.5304904

van de Vondervoort IIGM, Amiri H, Bruchhage MMK, Oo-
men CA, Rustogi N, Cooper JD, et al. Converging eviden-
ce points towards a role of insulin signaling in regula-
ting compulsive behavior. Transl Psychiatry. 2019;9:225.
https.//doi.org/10.1038/541398-019-0559-6

Phadnis P, Dey Sarkar P, Rajput MS. Improved seroto-
nergic neurotransmission by genistein pretreatment re-
gulates symptoms of obsessive-compulsive disorder in
streptozotocin-induced diabetic mice. J Basic Clin Physi-
ol Pharmacol. 2018;29:421-5. https://doi.org/10.1515/
jbcpp-2017-0155

Chen W, Cai W, Hoover B, Kahn CR. Insulin action in
the brain: cell types, circuits, and diseases. Trends Ne-
urosci.  2022;45:384-400.  https://doi.org/10.1016/j.
tins.2022.03.001

van de Vondervoort |, Poelmans G, Aschrafi A, Pauls DL,
Buitelaar JK, Glennon JC, et al. An integrated molecular
landscape implicates the regulation of dendritic spine for-
mation through insulin-related signalling in obsessive—
compulsive disorder. J Psychiatry Neurosci. 2016,41:280-
5. https://doi.org/10.1503/jpn.140327

Hui Fang CE, Rafey MF, Cunningham A, Dinneen SF, Fi-
nucane FM. Risperidone-induced type 2 diabetes pre-
senting with diabetic ketoacidosis. Endocrinol Diabe-
tes Metab Case Reports. 2018;2018:18-0031. https://doi.
org/10.1530/EDM-18-0031

Jain R, Bolch C, Al-Nakkash L, Sweazea KL. Systematic re-
view of the impact of genistein on diabetes-related outco-
mes.Am J Physiol Regul Integr Comp Physiol. 2022;323:R279-
88. https://doi.org/10.1152/ajpregu.00236.2021
Nieuwenhuis S, Okkersen K, Widomska J, Blom P, 't Hoen
PAC, van Engelen B, et al. Insulin signaling as a key mo-
derator in myotonic dystrophy type 1. Front Neurol.
2019;10:1229. https://doi.org/10.3389/fneur.2019.01229
Stogios N, Hahn MK, Lunsky Y, Desarkar P, Agarwal SM.
Metformin for the treatment of antipsychotic-indu-
ced metabolic disturbances in people with intellectu-
al and developmental disabilities. J Psychiatry Neurosci.
2023;48:E99-101. https://doi.org/10.1503/jpn.220200
Monteiro P, Feng G. Learning from animal models of
obsessive-compulsive disorder. Biol Psychiatry. 2016;79:7-
16. https://doi.org/10.1016/j.biopsych.2015.04.020
Shephard E, Batistuzzo MC, Hoexter MQ, Stern ER, Zucco-
lo PF, Ogawa CY, et al. Neurocircuit models of obsessive-
compulsive disorder: limitations and future directions for
research. Brazilian J Psychiatry. 2022;44:187-200. https://
doi.org/10.1590/1516-4446-2020-1709

https://doi.org/10.11613/BM.2024.010503

14


https://doi.org/10.1093/ijnp/pyw003
https://doi.org/10.1093/ijnp/pyw003
https://doi.org/10.1002/jcph.963
https://doi.org/10.1016/j.euroneuro.2012.06.016
https://doi.org/10.1016/j.cbi.2021.109703
https://doi.org/10.1016/j.yebeh.2017.03.019
https://doi.org/10.2174/1567202612666150603130235
https://doi.org/10.2174/1567202612666150603130235
https://doi.org/10.1038/s41398-022-01817-0
https://doi.org/10.1038/s41398-022-01817-0
https://doi.org/10.1016/j.comppsych.2022.152329
https://doi.org/10.1016/j.comppsych.2022.152329
https://doi.org/10.1038/s41398-020-0793-y
https://doi.org/10.1159/000446918
https://doi.org/10.1159/000446918
https://doi.org/10.1016/j.ajp.2017.03.013
https://doi.org/10.1590/1516-4446-2013-1230
https://doi.org/10.1590/1516-4446-2013-1230
https://doi.org/10.2147/DMSO.S304904
https://doi.org/10.1038/s41398-019-0559-6
https://doi.org/10.1515/jbcpp-2017-0155
https://doi.org/10.1515/jbcpp-2017-0155
https://doi.org/10.1016/j.tins.2022.03.001
https://doi.org/10.1016/j.tins.2022.03.001
https://doi.org/10.1503/jpn.140327
https://doi.org/10.1530/EDM-18-0031
https://doi.org/10.1530/EDM-18-0031
https://doi.org/10.1152/ajpregu.00236.2021
https://doi.org/10.3389/fneur.2019.01229
https://doi.org/10.1503/jpn.220200
https://doi.org/10.1016/j.biopsych.2015.04.020
https://doi.org/10.1590/1516-4446-2020-1709
https://doi.org/10.1590/1516-4446-2020-1709

Sultania A. et al.

Biomarkers and therapeutic targets for OCD

117. Karthik S, Sharma LP, Narayanaswamy JC. Investiga-

118.

ting the Role of Glutamate in Obsessive-Compulsive Dis-
order: Current Perspectives. Neuropsychiatr Dis Treat.
2020;16:1003-13. https://doi.org/10.2147/NDT.5211703
Marinova Z, Chuang D-M, Fineberg N. Glutamate-Mo-
dulating Drugs as a Potential Therapeutic Strategy in
Obsessive-Compulsive  Disorder. Curr Neuropharma-
col. 2017;15:977-95.  https://doi.org/10.2174/157015
9X15666170320104237

https://doi.org/10.11613/BM.2024.010503

119.

120.

Gerentes M, Pelissolo A, Rajagopal K, Tamouza R, Ham-
dani N. Obsessive-Compulsive Disorder: Autoimmunity
and Neuroinflammation. Curr Psychiatry Rep. 2019;21:78.
https://doi.org/10.1007/511920-019-1062-8

Grassi G, Cecchelli C, Vignozzi L, Pacini S. Investigational
and Experimental Drugs to Treat Obsessive-Compulsive
Disorder. J Exp Pharmacol. 2021;12:695-706. https://doi.
0rg/10.2147/JEP.S255375

Biochem Med (Zagreb) 2024,34(1):010503

15


https://doi.org/10.2147/NDT.S211703
https://doi.org/10.2174/1570159X15666170320104237
https://doi.org/10.2174/1570159X15666170320104237
https://doi.org/10.1007/s11920-019-1062-8
https://doi.org/10.2147/JEP.S255375
https://doi.org/10.2147/JEP.S255375

